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Amendments to the Specification: 

Please replace the paragraph beginning at page 4, line 13 with the following rewritten 
paragraph: as re^eSinfed fc, S£fc 0> rv]0 S :^z ^7 

Fig. 1 shows a comparison of L. delbrueckii operato rp romot e r 
sequences (01 and 02^( Arrows are for inverted repeats. The 
LL44 sequence is numbered according to Figure 1. Sequence of 
the second helix of lacR (repressor) is indicated. 

Please replace the paragraph beginning at page 4, line 15 with the following rewritten 
paragraph: as refftsi*hJ fey iPMfls- JO «*> 

Fig. 2 shows the organization of the promoter region of the Z. 
delbrueckii LL44 and LB68 lac overo n^ Operators 01 and 02 are 
indicated by darkened boxes. The inverted repeats of the operators 
are represented by arrows. The sequence responsible for catabolite 
repression (CRE) is overdrawn bv stars. The promoter sequence of 
LL44 is numbered according to Figure 1.? 

Please replace the paragraph beginning at page 4, line 17 with the following rewritten 

paragraph: AS ^frzUf^l by S£0 1* NOs 3£ <*/\d ?3 

Fig. 3 shows the organization of the promoter region of the Z. 
delbrueckii N299 lac operon fi Operators 01 and 02 are indicated 
bv darkened boxes. The inverted repeats of the operators are 
represented bv arrows. The sequence responsible for catabolite 
repression (CRE) is overdrawn bv stars. The inverted repeat of 
ISLS is boxed and shaded. The initiation of transcription is shown 
bv an i (arrow head) (Leong-Morgenthaler et aL 1991).? 

Please replace the paragraph beginning at page 4, line 19 with the following rewritten 

naraoranV a * r*pfMi*ed *y -nutlets of 

paragraph. stc* u> NiO'i- ^ s*Q cvhc-z, 

Fig. 4 shows the nucleotide and amino acid sequence of the Z. re$/>*c+i*«(y # 

delbrueckii subsp. lactis IAAA lacR gen ^J Start (121) and stop 

(1119) codons are boxed. Putative lacR RBS is underlined. The 

putative rho-indepedent terminator is underlined bv convergent 

arrows. Stop codons of the beta-galactosidase (lacZ) and Asn t- 

RNA synthetase (asnA) genes are boxed. Insertion sequence of 

ISU is represented bv a large open arrow. Single base pair 

deletion (722) in the mutant LZL102 is shown bv an arrow head. 

leading to a premature stop codon (758) underlined.? 
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n | t ^ of > 0; R denotes the gene coding for the tee* repressor protein as identified 

under SEQ ID No. 2 or a functional variant thereof; and Y is 0 or 1. 

Consequently, in case y = 0 the gene coding for the lac repressor protein may be 
seated at any site of the bacteria's chromosome and may be subject to any suitable 
promoter region such that is e.g . expressed constitutively . 

According to a preferred embodiment the DNA sequence is represented by the general 
formula p/o - (A) n - R or p/o - R - (A),, respectively, with p, A and R being as 
identified above. In this case, i.e. in the case of Y = 1 , the construct is composed of 
three components, the promoter/operator region, the gene coding for the polypeptide of 
interest and the gene coding for the lac repressor protein (lacR), with the genes coding 
for the respective polypeptides (A, lacR) being arranged in either order. The lacR gene is 
such subject to its own promoter/operator. In addition, the gene coding for the lacR 
protein may be arranged such that its transcriptional direction is opposite to that of the 
gene A coding for the polypeptide of interest. 

According to another preferred embodiment the gene coding for a polypeptide of interest 
is selected from group consisting of genes encoding enzymes, cell surface proteins or 
functional peptides, such as e.g. dextransucrase, glycosyltransferase, phytase, transgluta- 
minase, peptidase, phenylalanine ammonia lyase, protease, cell surface antigens, 
bacteriocins, hormones, insulin. 

The promoter region may also lack any catabolite responsive elements, so that no 
repression in the presence of a particular carbon source may be effected. 

According to another preferred embodiment the DNA sequence is used to transform a 
microorganism, which is preferably a gram positive bacterium or more preferably a 
microorganism selected from the group consisting of lactic acid bacteria, such as 
Lactococcus, Lactobacillus, Streptococcus, Leuconostoc etc.. 
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1T1 " P,Bent ta 3 ^ °' «~ — «— « «— 

enzymes in different gram posil|ve m ^ ^ ^ 

b d. _ acta, facers CcpA (Catabolite con.ro, protein A) ^ Hpr . ,„ ^ 

of glucose both of mese proteins bind ,o the CRE sc^c acting as a negative 

regulation of transcription, negative 

The species L. delbnteckii contains main,, ,„o subspecies, L. iactis and L. buigancus 
whtch are defied by severa, pbvsioiogica, and genetic criteria. One of tbese criteria 
concerns the regulation of the ,ac,ose (lac, operon expression. In the subspecies .actis the 
exptesston is induced by ,ac,ose, ma, is ,„e , ac genes are ^ ^ ^ 
hts sugac ,„ , he subspecies b„,garicus, „ hich has ^ xlxM . for 

os o b r;' mi " c for yo8un produc,ion - * e con,roi ° f * e — - 

ta W due to the consent availability of iactose in mi,k and the genes ate 
conammvely expressed in the presence or in the absence of lactose. 

For the experiments leading to the present invention six representative strains have been 
chosen ,o study the regulation of genes via the lac „pe ro , FiV e sttains belong to the 
ub.pec.es lactts and have been tetmed LL44, LB68, N62 and NI4!, which are inducible 
by .he presence of .actose, and LB,0, tha, has been classified as be,ongi„ g to tine 
^eces ,ac.,s but wim a constimtive expression of me ,ac opeton The sixth strain, 

c3« ^ '° ATCC ' ' 842> WB ^ * ' "** win, a 

institutive expression of the lac genes. 

During .he analysis of .he .actobacilte snains «he region flanking .be lactose (.ac) ope™ 
was .sohttenand the following regions could be chanutteriard. 

The lac A fl ene 

During ,„e sntdy of me promoter region of tine ,ao operon, an open mad™ flame (ORP) of x 
570 bp was dtscovered upsneam the laeS gene in the same oriematioHiftS: ^ 
comp,e.e ly sequenced for,^ de.brueckii subsp. Uctis stiain LL44 (SEQ ID. U v ,) and 
« encodes a polypeptide^ ,90 amino acid residues (SEQ ID. No; 2). The presence of a 
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putative promoter and a potential p-independent-termination signal (stem-loop structure, 
***" B * a3 TnHn " Su ** est this gene does not belong to the lac operon. 
The promoter region 

The region comprised be,wee„ rhe end of lacA and ft. Ireginsriog of lacS (lactose 
permease) was sequenced and showed several attributes specific for a promote, Two 
pahndromtc sequences, called 01 and 02 (Fig^f were discovered and may serve as 
operators for the binding of me lac repressor (LacR). The operators of the 6 strains studied 
0X44, LB68. N62, N141, LB10 and N299-) were sequenced. Several differences were 
found, which were partly due ,o the insertion of IS-elements in the Ol inverred repeats and 
partly due to small nucleotides changes in the sequence (Fig. !). TSL7 is inserted in N141 
exactly a, the TOT motif of the 5" end of Ol, bu, resroring rhe bases TO (Fig. I, ,„ N299 , 
the L. delbrucclcii subsp. bulgaricus stmin, me insertion of ,SL5 a, the same position 
destroyed me TOT motif, which might explain the constitutive transcriprion of adjacent 
genes. 



In lacric acid bacteria .effective repression of transcription is deemed to involve the 
cooperative binding of LacR «, two differcn. operator sequences. >n L. delbrueckii, a small 
operator, called 02, was found 4 bp downsrream 01. The lengrh of 02 showed 
considerable variation in lengti, between the 6 strains analysed due ,o small nuc.eo.ide 
changes in me sequence (Fig. 1). However, no IS-e,emen, was found in mis operator The 
h ""~ mvmei *<*>* is Mm PO^ of the nucleotides TOTTTA (SEQ ID No 3) 



core 
an 




ID iT* ^ ' XCeP ' m ^ WlKK ^ e rrnal A was replaced by G in 02 (SEQ. 

A sequence of 14 nucleotides homologous ti> me ctttabolite responsive element (CRE) 
(Wetckc, supra), was discovered 40 nucleotides up**,™ me .acS start codon of all me 
L delbrueckii attains studied (Fig. 2, Fig. S.^Vfo No. 8)). Catabolite repression is 
effecuve in many bacteria and acu a, tire level of transcription via negative transcriptional 
control. I. irrvolves a cis-acting element mediating repression of tire genes under hs contto. 
m me presence of gfimose. Tire sequence of these elements is highly cons^d amontr 
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differ species and the one of L. de.bn.eckii subsp. lactis is highly simitar ,o 
elements. 



other 



The figures 2 and 3 presen. a view of «. promoter region of , h e lac operon of 5 of ,ne 
smuns studied. They are considered as representative of the different possible lac operon 
organ.sat.ons in the L. delbrueckii species Four inducibta lactis strains, LL44, LB68 N62 
and NI4I and one constitutive bulgarics strain, N299 were presented. Sttain LB10 was 
not shot™, because its promoter region is identical to N62 except ,ha. ISL6 is no, p rK e„, 
» the lac promoter of .his «rain. The initiation of .ascription in N299 (Leon- 
Morgenthaler e, al., J. Bacteriol. ,73 (1991), ,95,-1957) falta in the middle of the CM 
element, jus. after the rtuee nucleotides change that were found in the CRE element of .his 
strain (Figs. 2 and 3). 

LX44 was chosen as a re fe re „ce due to the absence of any .S-elemen, in i«s lac operon 
reg.on. ,„ * is SIrain , tocA ge „ e „ folIowed by fc ^ ^ ^ ^ ^ ^ 

CRE element upsuean, the lacS gene. ,„ other strains, the presence of .S-e,ements changed 
the promoter sequence am, particularly the O, operator sequence. 

The lac R g ene 



J* Surpnamgly, and .„ com™ ,o thegene arrangement of known ,ae operons^me gene 
I cod,„ g for fte rcpressor protein^/'discovered downs.ream fte tacZ gene in L 

de,bru=ckii subsp. ,ac„s LL44 and LB68, with fine resuh to. dte pressor is nnder its own' 
transcnptional control. 

The region covering the lacR gene was PCR amplified using the following primers: 

CGCCTGGTGATTCAGCC (SEQ ID No. 6) 

AGCTTTACGGGGAAGTCGGG (SEQ ID No. 7) 

which are located at the end of the fl-galactosidase (lacZ) genejpq ID No. 6l and in the 
Asn-tRNA synthetase (asnA) genejfSEQ ID No. 7J. 
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Sequencing „ f m rcglo „ KquOTCe identified A 

exhibit an open reading ^ of $ bp jn the _ J ^ J^T 

P.eceded by a ribosoroe bindjng ^ ^ J^^T " 

..rnnnation signal (stenvloop slnicture; J * ~ 

uoiy structure is a common feature for DNA hinH;™ 
ope rat „ rsl oca,edi„, hepromottrreeion . DNA-binding p rot c,„ s a„ d binds „ 



The lac o peron 



!r h ? , ° pero " pw se * preceded * *• "^m*-.*- (1 ,cA) 

gene, which is followed by a rho-indeoendmt »eeq"ase (lacA) 

,h. . rnolna ^ rad emierminai,on signal. This gene is followed bv 

^ per se ' lne three genes are linked together as a laeS7R « • r 

icaiure lor regulated operons, as the larR • 
operon. gCn6 1S n0rmaU y not a P« of the 
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by Overlap Extension (gene SOEing) method (Horton R., Molecular Biotechnology 3 
(1995), 93 -99). 



The promoter of lad was first amplified from pETl lc using the following primers 

PstI 

ATAAA TCTGCAGT GGGTATGGTGGC SEQ ID No. 1 6 

GATCGTTGCCACATTCACCACC SEQ ID No. 1 7 

The primer SEQ ID No. 18 is composed of a sequence of the lad promoter and of the L. 
delbrueckii 5' end of lacR. The complete lacR gene was then PCR amplified using the 
following primers 

GGTGAATGTGGCAACGATCAG SEQ ID No. 1 8 

PstI 

ATATTA CTGCAG ACAGAATGCAGCC SEQ ID No. 1 9 

Thn rnf|imnfn tfyiaw Fr™ TP Nn 1 n ht ln r o mpl rmrn t nf S FO ID N o 3 ft Both PCRs 
were purified, mixed and reamplified with primers SEQ ID No. 16 and SEQ ID No. 19, 
linking the lad promoter and the LL44 lacR gene. Additionally, the ATG start codon of 
the lacR gene was replaced by GTG as in lad (Fig. 6). The whole construct was cloned in 
the PstI site of the low copy number plasmid pACYC177 (New England Biolabs) digested 
with PstI and resulted after transformation in plasmid pLL62 (Fig. 6). The presence of the 
modified lacR gene in pLL62 was confirmed by digestions and PCR amplifications. 

This plasmid was cotransformed with pLL55, pLL57 and pLL58 in E coli resulting in 
strains LZL63, LZL64 and LZL65 (Table I) respectively. The resulting strains contained 
the different L. delbrueckii promoters together with the LL44 lacR gene. Regulation of the 
promoters was tested following the chloramphenicol acetyltransferase assay of Shaw, 
supra in the presence of lactose or glucose. The results showed that after 4 min incubation 
at 37°C, strains containing the different promoters were fully induced in YT medium or in 
a minimal medium based on M9-salts in the presence or in the absence of lacR as shown in 
the table below : 




